Objectives To test the validity of numerous anecdotal claims of poor oral hygiene status being a contributory or etiology for Oral Squamous Cell Carcinoma (OSCC) and to isolate the microorganisms associated with oral cancer, to elucidate their role if any, in oral cancer. Materials and Methods A total of 242 OSCC patients and 254 controls were screened. Questionnaires were used to inquire about the past condition of the oral health. Dental caries, oral hygiene status and periodontal disease status were assessed using indices. Microorganisms were identified by bacterial culture methods. Results Majority of cases (Group-1) (57.85 %) never visited the dentist compared to controls (Group-2) (46.06 %). Group-1 brushed once in a day (93.4 %) and less often twice a day (6.6 %) compared to Group-2 (81.1 % and 18.9 %). There was no significant difference in caries experience in both groups. Teeth missing due to periodontal reasons were more in Group-1 (40 %) than Group-2 (26 %) (p \ 0.002).
Introduction
Oral cancer is an important health issue. Globally, it is one of the 10 most common cancers [1] . More than 90 % of cancers in the mouth are squamous cell carcinomas (SCCs) originating from the oral mucosa [2] . Oral Squamous Cell Carcinoma (OSCC) is a multifactorial disease where no single clearly recognizable cause has been found [3] . Tobacco use and alcohol consumption are the major risk factors for the cancer of oral cavity, pharynx, larynx and esophagus [4] . Also, a small percentage of patients develop OSCC in the absence of exposure to tobacco and alcohol and without any obvious predisposing genetic defect, suggesting the existence of other risk factors in oral carcinogenesis, such as the presence of infectious agents [5] . Although viral infections have been associated with carcinogenesis, the evidence for a connection between bacterial infections and carcinogenesis is also convincing [6] . Besides tobacco and alcohol, little is known about the etiology of oral cancer. Oral cancer has been associated with both tooth loss and poor oral hygiene in a number of studies, independent of age, tobacco and alcohol consumption. Infections such as periodontal diseases may play a key role in the etiology of oral cancer. Several studies have reported associations between periodontal disease or tooth loss and risk of oral, upper gastrointestinal, lung, and pancreatic cancer in different populations. The need for the present study was to test the validity of numerous anecdotal claims of poor oral hygiene status being a contributory or etiology for OSCC. Additionally the study also aimed to identify the microorganisms in patients with and without habit and to elucidate their role in oral cancer.
Materials and Methods

Source of Data and Study Groups
A multicentric hospital based study was carried out at The Oxford Dental College Hospital and Research Centre and Mazumdhar Shaw Cancer Hospital, Bangalore, Karnataka Cancer Therapy and Research Institute (KCTRI), Hubli and Shri Dharmasthala Manjunatheswara College of Dental Sciences (SDM), Dharwad.
Study group consisted of oral cancer patients with histopathologically confirmed OSCC prior to definitive treatment. Controls were randomly selected, matched for age, gender and with no previous history of any malignancies. However it was not possible to match habit history and larger part of the control group were non habitués.
Method of Collection of Data
As the screening study would reflect only the present status of the oral health, questionnaires were used to ascertain about the past condition of the oral health.
Oral Health Indicators
We attempted to elicit from study subjects details of their usual lifetime oral health care rather than recent methods. Questionnaires included details consisting of number of dental visits to dentist per year, method of brushing, brushing aids, number of brushes used per year, frequency of brushing, use of mouthwash and other oral hygiene aids and, diet, frequency of consumption of sweets and food habits.
Dental Caries Examination
Dental caries was assessed using decayed missing filled teeth (DMFT) index according to WHO criteria, 1997. Third molars were also included. Teeth missing due to other reasons such as periodontal reasons, trauma and clinically missing teeth were recorded separately.
Oral hygiene and Periodontal Examination
Oral hygiene status and periodontal disease status was assessed by Simplified Oral Hygiene Index (OHI-S) and Community Periodontal Index of Treatment Needs (CPITN) respectively.
Bacterial Culture Methods
Two swabs were collected on sterile cotton swabs from the non-necrotic areas of the tumor. One swab was used for smear preparation and the other swab was used for culture and sensitivity test.
Smear Preparation
Thin smears were prepared on standard glass slides and stained by Gram stain. The smears were observed under oil immersion objective (1009). The morphology of the organisms and presence of inflammatory cells were noted.
Culture
The second swab was used for culture and sensitivity. Cultures were made on sheep blood agar and Maconkey's media. The media were incubated at 37°C in CO 2 jar. The media were examined after 24 hrs of incubation. The colony morphology was noted. The colonies showing Gram positive cocci were further identified by Gram stain morphology, Catalase, Coagulase and Mannitol fermentation test. The catalase negative Gram positive cocci were identified by growth in 6.5 % NaCl, growth at pH 9.6, bile esculin hydrolysis and sensitivity to Bacitracin. Antibiotic sensitivity was done by Kirby Bauer method as recommended by Clinical Laboratory Standards Institute, USA (CLSI).
The Gram negative bacilli were identified by catalase, oxidase, motility and standard biochemical reactions which included Indol-MR, Vogues Proskeur (VP), citrate, urease, phenyl pyruvic acid deaminase and sugar fermentation reactions. Lysine, arginine, ornithine deamination and oxidative fermentation tests were used when necessary. The antibiotic sensitivity was performed as Kirby Bauer method (CLSI).
Statistical Methods
Statistical analysis was performed using SAS 9.2, SPSS 15.0 (SPSS Inc.) statistical package. The association between dental caries and periodontal disease status was determined by the Chi square test using Fisher's exact test. Data were considered statistically significant if p value \ 0.05.
Results
Totally 242 OSCC cases (Group-1) and 254 controls (Group-2) were screened after obtaining ethical clearance from the concerned institutes and informed consent from the patients. Group-1 comprised 177 male and 65 female patients (Table 1 ) with a male predominance (M:F = 2.7:1). Age ranged from 3rd to 9th decade ( Fig. 1 ) with mean age of 53.27 ± 12.62 and 47.48 ± 11.05 respectively. Most of the subjects were agriculturists and laborers in both the groups followed by businessmen.
In Group-1, majority of the subjects (93.8 %) had the habit of psycho-active substance use, of which paan chewing (48.8 %) was most common, followed by combination of smoked and chewed tobacco ( Table 2 ). In Group-2 areca nut chewing was more common. Only 6.2 % of Group-1 and 71.3 % of the Group-2 had no habits. A statistically significant increased risk of cancer was seen with habit compared to without habit (p \ 0.001).
Oral hygiene practices differed in Group-1 and Group-2 (Table 3 ). Subjects cleaned their teeth with brush and paste (48.8 % vs. 72.9 %) and fingers (51.2 % vs. 27.2 %) respectively. Subjects in Group-1 changed their brushes less often in a year than that of Group-2 (48.8 % vs. 72.5 %). Majority of the Group-1 subjects brushed once in a day (93.4 %) and a few twice a day (6.6 %) compared to Group-2 subjects (81.1 % and 18.9 %). There was no significant difference between mouth wash use and other oral hygiene aids used in both groups.
Buccal mucosa (Fig. 2) was the predominantly involved site (34.3 %) by OSCC followed by the tongue (28.5 %). The left mandibular Gingivo-Buccal sulcus (GB sulcus) was involved by 33.5 % of OSCC, correlating with the history of tobacco placement in the left vestibule. Tumor staging according to TNM classification (Fig. 3 Use of prosthesis was not significant in both the groups, although few Group-2 subjects presented with fixed and removal appliances. In Group-1, there were 7 complete upper and lower edentulous patients (2.9 %) and 3 partial edentulous patients (1.2 %) either upper or the lower jaw and none in Group-2 (Table 4) .
In Group-2, clinically missing teeth were more compared to Group-1 (Table 5) , whereas teeth missing due to periodontal problems were significantly elevated in Group-1.
There was no significant difference in caries experience (DMFT score) in both the groups. A statistically significant value was observed with respect to filled teeth in Group-2 than in Group-1 (Table 6 ).
In Group-1, the oral hygiene was poorer compared to Group-2 (Table 7) . Bleeding on probing (Code 1) and calculus deposits (Code 2) were seen in Group-2 compared to Group-1 (Table 8 ). There was no significant difference between Group-1 and Group-2 in having pocket depth of 4 or 5 mm (Code 3). In Group-1, 26.8 % of the subjects had pocket depth of [6 mm (Code 4) and Excluded category (11.1 %) compared to Group-2 (16.1 % and 3.9 %) respectively. In the present study we subdivided Group I into early lesions (Group-1A) comprising Stage I and II lesions and advanced lesions (Group-1B) comprising Stage III and IV lesions and then compared with controls (Group-2). When Group-1A and Group-2 were compared (Table 9 ), habit and infrequent dental visits were significantly associated with increased risk of cancer when compared to the Group-2 (p \ 0.001). Missing more than 12 teeth was not significantly associated with risk of cancer.
There was no significant difference in DMFT score between Group-1A and Group-2 (Table 10) ; however Group 2 had more filled teeth than Group-1A (p \ 0.008). Teeth missing due to periodontal problems were significantly increased in Group-1A than Group-2 (p \ 0.0039) and there was no difference between numbers of missing teeth among the groups. The oral hygiene measured by OHI-S was significantly poorer even in Group-1A compared to Group-2 (p \ 0.001). Majority of the Group-2 had calculus deposits (Code 2) and pocket depth of 4-5 mm, however Group-1A had more than 6 mm pocket depth (Code 4) with p value of 0.061. When Group-1A was compared with Group-1B (Table 11) , smoked tobacco was significantly associated with risk of cancer in Group-1A (p \ 0.039) whereas betel quid usage was significantly associated with Group-1B (p \ 0.026). Infrequent dental visits were again associated with risk of cancer for Group-1B. There was no statistical significant difference in DMFT score (Table 12 ) and the teeth missing due to periodontal problems and number of missing teeth between Group-1A and Group-1B. However, missing 6-12 teeth due to periodontal problems were more in Group-1B (15.8 %) compared to Group-1A (7.5 %) with a p value of 0.058. Oral hygiene was significantly poorer in Group-1B compared to Group-1A (p \ 0.039). In Group-1A, only 6.9 % were excluded from probing compared to Group-1B in which 15 % of the cases were excluded due to missing of index teeth.
Eight different types of aerobic microorganisms were isolated individually or in combination with other group of organisms (Table 13 ). The predominant microorganisms isolated from Group-1 as well as in Group-2 with (62 % vs. 66 %) and without habits (40 % vs. 66 %) were Streptococcus species followed by Staphylococcus species (10 % vs. 4 %) and 13.3 % vs. 6.7 %. Though there were no significant findings between the groups, subjects in Group-1 showed increased number of pathogenic microflora compared to Group-2.
Discussion
There has been substantial scientific dispute, whether and to what extent poor oral hygiene is an independent risk factor for oral cavity cancer. Numerous, both retrospective and case-control studies, have been performed. Several factors of oral condition such as dentition, frequency of tooth brushing, denture wear, and tooth loss, frequency of oral infections, oral sores and mouthwash use have been analyzed. Tooth loss is most commonly caused by dental caries and periodontal disease, but the percentage contribution from each condition depends on age and other factors.
Many studies have reported that tobacco and alcohol consumption are the major risk factors acting separately or synergistically [1, [7] [8] [9] [10] . We observed that consumption of tobacco, alcohol and areca nut chewing was significantly associated with increased risk of oral cancer. In our series 93.8 % of Group-1 had habits and 6.2 % of Group-1 had no habits compared to Group-2 with p \ 0.001 (Table 2) .
A regular dental check-up was found to be associated with a decreased risk of oral cancer in many studies. In our study, subjects who had never attended dental visits had a higher risk of oral cancer than subjects who reported visiting at least once a year and these finding are in agreement with the previous studies [7, 11, 12] . Subjects cleaned their teeth with fingers (51.2 % in Group-1 vs. 27.2 % in Group-2) and less frequently brushed. Use of fingers or sticks for cleaning was a risk factor for oral cancer, and this effect would be modified if the subject consumes alcohol. Fingers and sticks do not adequately clean the teeth, thereby allowing carcinogens to remain longer and to penetrate the oral mucosal surface [13] . Poor oral hygiene and number of missing and defective teeth have been postulated as risk factors for oral cancer in many studies [1, 9, 10, 14, 15] . There was no significant difference in caries experience in both the groups (mean DMFT score 1.57 vs. 1.39) similar to study by Tezal et al. [16] in which besides chronic periodontitis, the effects of dental cavities, fillings, crowns, and root canal treatments were not significantly associated with oral cancer. However, it is in contrast to a Maier et al. study [14] which found a significantly elevated incidence of decayed teeth in the tumor patients (p \ 0.001). Tezal et al. [17] also observed that number of teeth with caries was significantly associated with precancerous lesions and the number of filled teeth had no significant effect on any type of oral lesions.
Group-2 subjects had significantly increased clinically missing teeth compared to Group-1 (p \ 0.035) whereas teeth missing due to periodontal problems were significantly more in Group-1 (40 % vs. 26 %) with p \ 0.002. In Group-2, clinically missing teeth were more (mainly the third molars) than the teeth missing due to periodontal reasons. It implies that tooth loss due to periodontal reasons is significantly associated with elevated risk of cancer.
A strong association of oral cancer with number of missing teeth has been found in our study in accordance with the previous studies [7, 8, 11, 12] . However, when missing teeth were more than 12 in number, no increase in risk was observed. This can be attributed to the absence of a periodontal pathogen with no/minimal teeth remaining [18] .
In Group-1, there were seven complete upper and lower edentulous patients (2.9 %) and 3 partial edentulous patients (1.2 %) either the upper or lower jaw and none in Group-2, highlighting the fact that majority of the OSCC occurred in dentulous patients. Possibly the presence of teeth act as habitat for microbial colonization, plaque and calculus deposition and subsequent chronic inflammation may elevate the risk of cancer.
A statistically significant difference was seen related to oral hygiene status (p \ 0.001) measured by OHI-S index between the groups. Our findings that average and poor oral hygiene were independent risk factors for OSCC are in agreement with the results of other studies [7, 11-13, 19, 20] . However, in some studies [8, 10] oral hygiene was shown to have little or no importance as a risk factor for oral cancer.
In 26.8 % of Group-1, a pocket depth of [6 mm (Code 4) and Excluded category (11.1 %) was statistically significant compared to Group-2 (16.1 % and 3.9 %). The combined percentage of teeth having pocket depth [6 mm and teeth excluded due to missing teeth were more in Group-1 (37.9 %) compared Group-2 (20 %). These findings are similar to the study by de Rezende et al. [21] in which 76 % of subjects in cancer group showed [6 mm pockets compared to 10 % of control group. The data obtained in our study indicate that the Group-2 subjects had minimal periodontal tissue destruction and subsequent tooth loss compared to Group-1. This indicates that the Group-1 subjects had more periodontal destruction and subsequent tooth loss due to which few teeth were excluded from examination compared to Group-2. In our study after obtaining complete history and thorough clinical examination we found that individuals with a low level of education tended to have less frequent dental check-ups, smoke more and consume more alcohol, factors which would affect their oral/dental health negatively. These findings are in accordance with those of several other groups [7, 8, 11, 12, 20] .
A distinct feature of our study is that we compared early lesions (Group-1A) with advanced lesions (Group-1B) and controls to evaluate the association with respect to caries and periodontal disease. Habits and infrequent dental visits were significantly associated with increased risk of cancer (p \ 0.001) when Group-1A was compared with Group-2. There was no significant difference in DMFT score between Group-1A and Group-2. There was significant elevated risk with missing teeth and poor oral hygiene status in Group-1A compared to Group-2 (p \ 0.001). Though there were no statistically significant differences in periodontal disease status between Group-1A and Group-2 however, subjects in Group-1A had greater pocket depths than Group-2.
When Group-1A was compared with Group-1B, habits and infrequent dental visits were again associated with increased risk of cancer for Group-1B. There was no statistical significant difference in DMFT score between Group-1A and Group-1B. This highlights the fact that there seems to be no association between dental caries and OSCC. In Group-1A, the oral hygiene was better compared to Group-1B. Group-1A had less amount of periodontal tissue break down as measured by pocket depth and only few were excluded from probing (6.9 %) compared to Group-1B (15 %). This implies that oral hygiene deteriorates with the increase in the stage and does not contribute to etiology of OSCC.
Additionally our study also isolated microorganisms associated with the OSCC and implicated their role in cancer. The predominant microorganisms isolated from Group-1 and Group-2 subjects with (62 % vs. 66 %) and without habits (40 % vs. 66 %) were Streptococcus species (a-hemolytic) followed by Staphylococcus species (10 % vs. 4 %) and 13.3 % versus 6.7 %. These findings are similar to the study by Nagy et al. [22] who demonstrated increased numbers of certain members of the oral microbiota on the surface of tumors in comparison with control sites. It may be an important phenomenon that the rise in the colonization of oral cavity by streptococci, in patients having habits, may be a predisposing factor inducing mucosal changes leading to malignancy, this can be correlated to Homann et al. [23] found increased number of Streptococcus salivarius, alpha-hemolytic Streptococci, Corynebacterium spp. and Stomatococcus spp. in the saliva which is associated with increased production of acetaldehyde which is proved to be carcinogenic. Though there were no significant findings between the groups in relation to habit, Group-1 showed increased number of pathogenic microflora compared to Group-2. Based on the data obtained on microorganisms isolated, it is not possible to consider their role for etiology of OSCC. Bacterial load is more probably related to poor oral hygiene on account of OSCC rather than contributing to OSCC per se given it is more commonly seen in advanced lesions. Considering the role of pathogenic microflora, preoperative tumor culture is still valuable in predicting the bacteriology of a possible post-operative infection, and in selecting the appropriate antibiotic treatment.
Potential limitations of this study should be considered. First, the number of teeth remaining was examined after the occurrence of cancer. Although it is unlikely that the occurrence itself caused tooth loss, this limitation should nevertheless be considered when interpreting the results. In our study we elicited recent history of tooth loss since the appearance of cancer and those teeth were excluded from missing category. Since we inquired about the past oral health conditions the possibility of memory recall bias may affect the results. We used CPITN index to measure the periodontal disease status, the main advantage of the index is its easy use, as well, its world-wide application allows for international comparisons. However, many limitations are associated with the CPITN. First, this index is based on a hierarchical concept of progression of periodontal disease. Thus, a sextant presenting a tooth with a periodontal pocket (Code 3 or 4) should also present calculus (Code 2) and bleeding (Code 1). Another limitation of this index is that it does not measure important signs of periodontal disease, such as dental mobility and attachment loss. It is thus important to keep in mind that the CPITN is not a complete measure of periodontal disease. Partial-mouth exams may underestimate sites with periodontal disease, particularly the more severe conditions.
Conclusion
Lack of dental visits, infrequent brushing and poor periodontal conditions are significantly associated with increased risk of oral cancer. There seems to be no correlation between dental caries experience and OSCC. There is a direct correlation between periodontal disease experience and severity with OSCC. This is possibly on account of the anaerobic nature of both disease processes. Periodontitis is an established anaerobic disease process, the presence of anaerobic environment leads to release of inflammatory cytokines and reduction in oxidation potential all of which trigger the chronic inflammatory response, which has been postulated as one of the mechanism for cancer initiation. In OSCC it is still a matter of conjecture to explain the anaerobic nature though few bacterial species have been identified in saliva of OSCC patients as well within the tumor itself to establish the disease process. Admittedly poor oral hygiene is an etiologic for gingivitis and periodontitis. This is a confounding finding in our study where we were unable to conclusively find direct relationship between poor oral hygiene and OSCC. In our study we could not find a direct correlation between OSCC and OHI-S however, this study demonstrates a direct correlation between periodontitis and OSCC. All patients in Group-2 who had poor oral hygiene had gingivitis.
OHI status progressively deteriorates with increasing grades of OSCC. Whether this implies that poor OHI is a risk factor for OSCC is still a matter of conjecture. Increase in pathogenic flora may play a role in production of carcinogenic agents or post-operative infections.
Identification of average or poor oral hygiene, defective and missing teeth, poorly fitting dentures and oral mucosal lesions at regular dental check-ups are important factors for preventing OSCC. Patients with periodontal diseases should seek care from their dentists irrespective of the effect on cancer.
